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Applicant's amendment received on 10/20/03 has been entered. Claims 1-24 
have been cancelled. New claims 25-33 have been added. Claims 25-33 are pending 
and are under current consideration. 

Specification 

The amendment to the brief description of the drawings has been entered. 

Sequence Compliance 

The instant application is now in sequence compliance. 

Upon further consideration the following new grounds of rejection under 35 
U.S.C. 101 are necessary: 

Claim Rejections - 35 USC § 101 

35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this title. 

Claims 25-33 are rejected under 35 U.S.C. 101 because the claimed invention is 
not supported by either a specific and substantial asserted utility or a well established 
utility. 

The claims are directed to a transgenic mouse whose genome comprises a 
disruption in the endogenous adrenomedullin receptor gene comprising the nucleotide 
sequence set forth in SEQ ID NO: 1 , wherein the mouse exhibits decreased activity or 
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increased anxiety as characterized by open field testing. The claims are further directed 
to a method of producing the same transgenic mouse. 

The instant specification has contemplated that the nucleotide sequence set forth 
in SEQ ID NO: 1 encodes an adrenomedullin receptor. The instant specification has 
further contemplated that disruption of the nucleotide sequence set forth in SEQ ID NO: 
1 in a mouse will produce a phenotype related to an adrenomedullin receptor. The 
instant specification has purported that such mice may be used to identify agents that 
modulate or ameliorate a phenotype associated with a disruption in SEQ ID NO: 1. 

The instant specification has disclosed a transgenic mouse whose genome 
comprises a disruption in SEQ ID NO: 1 , wherein the mouse exhibits decreased activity 
characterized by reduced distance traveled in an open field or by reduced average 
velocity in an open field or increased anxiety characterized by reduced average velocity 
in an open field. The claims embrace such a mouse and a method of making the 
mouse. The instant specification has discussed that phenotypes exhibited by such a 
transgenic mouse could correlate to a disease or disorder. However, the evidence of 
record does not provide a correlation between decreased activity characterized by 
reduced distance traveled in an open field or by reduced average velocity in an open 
field or increased anxiety characterized by reduced average velocity in an open field 
and any disease or disorder. Moreover, while the specification has purported that the 
nucleotide sequence set forth in SEQ ID NO: 1 encodes an adrenomedullin receptor, 
the evidence of record has failed to provide a correlation between any adrenomedullin 
receptor related disease/disorder and decreased activity characterized by reduced 
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distance traveled in an open field or by reduced average velocity in an open field or 
increased anxiety characterized by reduced average velocity in an open field. The 
specification has provided general assertions that the claimed transgenic mice may be 
used to identify agents that affect a phenotype related to the mice. 

As such, the asserted utility, for the transgenic mouse embraced by the claims, of 
screening agents that may affect a phenotype of said mouse as provided by the instant 
specification and encompassed by the claims, does not appear to be specific and 
substantial. The asserted utility does not appear specific and substantial to the skilled 
artisan since the evidence of record has not provided any suggestion of a correlation 
between any adrenomedullin receptor, decreased activity characterized by reduced 
distance traveled in an open field or by reduced average velocity in an open field or 
increased anxiety characterized by reduced average velocity in an open field, and any 
disease or disorder. Since the evidence of record has not provided a correlation 
between decreased activity characterized by reduced distance traveled in an open field 
or by reduced average velocity in an open field or increased anxiety characterized by 
reduced average velocity in an open field, the utility of identifying agents that affect 
decreased activity characterized by reduced distance traveled in an open field or by 
reduced average velocity in an open field or increased anxiety characterized by reduced 
average velocity in an open field is not apparent. The evidence of record has not 
provided any other utilities for the transgenic mouse embraced by the claims that are 
specific, substantial, and credible. 
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The asserted utility of the transgenic mouse embraced by the claims is based on 
the expectation that disrupting the nucleotide sequence set forth in SEQ ID NO: 1 would 
result in a detectable phenotype in the mouse. The phenotype observed in the 
transgenic mice embraced by the claims is decreased activity characterized by reduced 
distance traveled in an open field or by reduced average velocity in an open field or 
increased anxiety characterized by reduced average velocity in an open field. While the 
phenotypes exhibited by the claimed transgenic mouse are contemplated to be 
associated with a disease, the association of decreased activity characterized by 
reduced distance traveled in an open field or by reduced average velocity in an open 
field or increased anxiety characterized by reduced average velocity in an open field 
with any disease has yet to be elucidated. In fact the art suggests that results obtained 
from behavioral studies, such as the open field test, are greatly influenced by the 
genetic background of the tested mouse. Crabbe et al (Science, 1999, Vol. 284, pages y 
1670-1672) observed that laboratory environment and site, test conditions, and genetic 
strain of a mouse influence the results of behavioral studies. See pages 1670-1671. 
With regard to the open field test, Crabbe reports that A/J mice were relatively inactive, 
while C57BL/6 mice were very active. Crabbe further reports that on average mice 
tested in Edmonton were more active than those tested in Albany or Portland. See 
page 1671, column 1, the first full paragraph. Crabbe discusses that such 
inconsistencies in test results can be responsible for observed behavioral phenotypes. 
Given the inconsistencies in behavioral test results, Crabbe concludes by cautioning 
that specific behavioral effects observed in mutant (knockout) mice should be not be 
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uncritically attributed to genetic manipulations prior to repeating testing in different 
laboratories using different strains of mice, if possible. See page 1672, column 1, 
paragraphs 2-3. With regard to increased anxiety as related to open field testing, 
Belzung et al (Behavioural Brain Research, 2001, 125: 141-149) suggest limited 
usefulness of models of anxiety based on a single gene deletion, which alone can 
hardly account for a complex condition such as anxiety. See page 147, in the last 
paragraph. Belzung et al also discuss the differences in anxiety levels among different 
strains of inbred mice and provide evidence correlating the different genetic 
backgrounds of the mice and differences in levels of anxiety as measured by the open- 
field test See pages 146-147. 

Therefore, the reference suggests a need to provide independent evidence of an 
association of decreased activity characterized by reduced distance traveled in an open 
field or by reduced average velocity in an open field or increased anxiety characterized 
by reduced average velocity in an open field with a disease or disorder. However, 
neither the specification nor any art of record provides evidence of the existence of a 
correlation between decreased activity characterized by reduced distance traveled in an 
open field or by reduced average velocity in an open field or increased anxiety 
characterized by reduced average velocity in an open field and a disease or disorder, 
leaving the skilled artisan to speculate and investigate the uses of the transgenic mouse 
embraced by the claims. The specification essentially gives an invitation to experiment 
wherein the artisan is invited to elaborate a functional use for the transgenic mouse 
embraced by the claims. In light of the above, the skilled artisan would not find the 
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asserted utility of the transgenic mouse embraced by the claims to be specific and 
substantial. 

Claim Rejections - 35 USC § 112, 1 st paragraph 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claims 25-33 are also rejected under 35 U.S.C. 112, first paragraph. Specifically, 
since the claimed invention is not supported by either a specific and substantial 
asserted utility or a well established utility for the reasons set forth above, one skilled in 
the art clearly would not know how to use the claimed invention. 

In addition to the above, the following grounds of rejection under 35 U.S.C. 112, 
1 st paragraph are necessary: 

Claims 25-33 encompass transgenic non-human animals that comprising a 
disruption in an endogenous adrenomedullin receptor gene. The claims can be 
interpreted to read on transgenic mice having either a heterozygous and homozygous 
disruption in the adrenomedullin receptor gene. While the instant specification has 
provided guidance correlating a homozygous disruption in the adrenomedullin receptor 
gene with a phenotype of decreased activity or increased anxiety, the instant 
specification has not provided guidance correlating a phenotype with a heterozygous 
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disruption of the adrenomedullin receptor gene. The state of the art at the time of filing 
was such that one of skill could not predict the phenotype of a knockout mouse (See 
Moreadith et al M 1997, J. Mol. Med., Vol. 75, pages 208-216). In particular, Moreadith 
et al. discuss that gene targeting at a particular loci is unpredictable with respect to the 
resulting phenotype since often the generation of knockout mice, in many instances, 
changes the prevailing notions regarding the functions of the encoded proteins. 
Moreadith et al. go on to report that gene targeting at the endothelin loci led to the 
creation of mice with Hirschsprung's disease instead of the anticipated phenotype 
(abnormal control of blood pressure). See page 208, column 2, 2nd paragraph. Moens 
et al. (Development, Vol. 119, pages 485-499, 1993) disclose that two mutations 
produced by homologous recombination in two different locations of the N-myc gene 
produce two different phenotypes in mouse embryonic stem cells, one leaky and one 
null (see abstract). The specification has asserted that the nucleotide sequence set 
forth in SEQ ID NO: 1 encodes an adrenomedullin receptor. However, given the state 
of the art it would be difficult to predict any phenotype resulting from disruption of the 
sequence of SEQ ID NO: 1. The specification discloses that the phenotypes exhibited 
by transgenic knockout mice comprising a homozygous disruption in the nucleotide 
sequence set forth in SEQ ID NO: 1 are as follows: decreased activity characterized by 
reduced distance traveled in an open field or by reduced average velocity in an open 
field or increased anxiety characterized by reduced average velocity in an open field. 
See pages 51-52 of the specification. Given the lack of guidance provided by the 
instant specification, the skilled artisan would know how to use a transgenic knockout 
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non-human animal that lacks a phenotype, particularly because the instant specification 
has not provided uses for such; the transgenic mice exhibiting the recited above 
phenotypes may be used for drug testing according to the instant specification. The 
specification overcomes the unpredictability in obtaining a phenotype (as discussed 
above) by correlating a homozygous disruption of the nucleotide sequence set forth in 
SEQ ID NO: 1 in the genome of a transgenic mouse; however, the claims are not 
commensurate in scope with the phenotype disclosed in the specification because the 
claims recite language that reads on transgenic mice that are homozygous or 
heterozygous for the disruption. As previously discussed only the transgenic mice 
whose genomes comprise a homozygous disruption of the nucleotide sequence set 
forth in SEQ ID NO: 1 exhibit the above discussed phenotypes. Given the 
unpredictable nature of a phenotype that results from disruption of a nucleotide 
sequence and the lack of guidance provided by the instant specification for use of a 
transgenic mouse lacking a phenotype, it would have required undue experimentation 
for the skilled artisan to make and use the invention as claimed. 



Conclusion 

No claim is allowed. 
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Any inquiry concerning this communication or earlier communications from the 
examiner(s) should be directed to Peter Paras, Jr., whose telephone number is (571) 
272-0732. The examiner can normally be reached Monday-Friday from 8:30 to 4:30 
(Eastern time). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Amy Nelson, can be reached at 571-272-0804. Papers related to this 
application may be submitted by facsimile transmission. Papers should be faxed via the 
PTO Fax Center located in Crystal Mall 1 . The faxing of such papers must conform with 
the notice published in the Official Gazette, 1096 OG 30 (November 15, 1989). The 
CM1 Official Fax Center number is (703) 872-9306. 

Inquiries of a general nature or relating to the status of the application should be 
directed to Dianiece Jacobs whose telephone number is (571) 272-0532. 
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Genetics of Mouse Behavior: 
Interactions with Laboratory 
Environment 

John C Crabbe, 1 * Douglas Wahlsten, 2 Bruce C. Dudek 3 

Strains of mice that show characteristic patterns of behavior are critical for 
research in neurobehavioral genetics. Possible confounding influences of the 
laboratory environment were studied in several inbred strains and one null 
mutant by simultaneous testing in three laboratories on a battery of six 
behaviors. Apparatus, test protocols, and many environmental variables were 
rigorously equated. Strains differed markedly in all behaviors, and despite 
standardization, there were systematic differences in behavior across labs. For 
some tests, the magnitude of genetic differences depended upon the specific 
testing lab. Thus, experiments characterizing mutants may yield results that are 
idiosyncratic to a particular laboratory. 



Targeted and chemically induced mutations 
in mice are valuable tools in biomedical re- 
search, especially in the neurosciences and 
psychopharmacology. Phcnotypic effects of a 
knockout often depend on the genetic back- 
ground of the mouse strain carrying the mu- 
tation (/), but the effects of environmental 
background are not generally known. 

Different laboratories commonly employ 
their own idiosyncratic versions of behavioral 
test apparatus and protocols, and any labora- 
tory environment also has many unique fea- 
tures. These variations have sometimes led to 
discrepancies in the outcomes reported by 
different labs testing the same genotypes for 
ostensibly the same behaviors (7). Previous 
studies could not distinguish between inter- 
actions arising from variations in the test 
situation itself and those arising from subtle 
environmental differences amoniz labs. Usu- 
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ally, such differences are eventually resolved 
by repetition of tests in multiple labs. How- 
ever, null mutants and transgenic mice are 
often scarce and tend to be bchaviorally char- 
acterized in a single laboratory with a limited 
array of available tests. 

We addressed this problem by testing six 
mouse behaviors simultaneously in three lab- 
oratories (Albany, New York; Edmonton, Al- 



berta, Canada; and Portland, Oregon) using 
exactly the same inbred strains and one null 
mulanl strain (.?). We went to extraordinary 
lengths to equate test apparatus, testing pro- 
tocols, and all possible features of ammal 
husbandry (4). One potentially important fea- 
ture was varied systematically. Because 
many believe that mice tested after shipping 
from a supplier behave differently from those 
reared in-house, we compared mice either 
shipped or bred locally at the same age (77 
days) starting at the same time (0830 to 0900 
hours local time on 20 April 1998) in all three 
labs (5). Each mouse was given the same 
order of tests [Day 1 : locomotor activity in an 
open field; Day 2: an anxiety test, exploration 
of two enclosed and two open arms of an 
elevated plus maze, Day 3: walking and bal- 
ancing on a rotating rod; Day 4: learning to 
swim to a visible platform; Day 5: locomotor 
activation after cocaine injection; Days 6 to 
1 I : preference for drinking cthanol versus tap 
water (6)}. 

Despite our efforts to equate laboratory 
environments, significant and, in sonic cases, . 
large effects of site were found for nearly 
all variables (Table 1). Furthermore, the pat- 
tern of strain differences varied substantially 
among the sites for several tests. Sex differ- 



Table 1. Statistical significance and effect sizes for selected variables in the multisite trial. Color of cell 
depicts Type I error probability or significance of main effects and two-way interactions from 8 X 2 X 
3X2 analyses of variance: blue, P < 0.00001; purple, P < 0.001; gold, P < 0.01; dashes with no shading, 
P > 0.01. Cell entries are effect sizes, expressed as partial omega squared, the proportion of variance 
accounted for by the factor or interaction if only that factor were in the experimental design (range - 
0 to 1.0). Multiple R 2 (unbiased estimate) gives the proportion of the variance accounted for by all factors. 
For the water escape task, results are based on only seven strains because most A/J mice never escaped 
because of wall-hugging. We recognize that the issue of appropriate alpha level correction for multiple 
comparisons is contentious. Details of the statistical analyses are available on the Web site (4), including 
a discussion of our rationale for presenting uncorrected values in this table. 
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Fig. 1. Croup means (±SEM for n - 16 mice) 
for activity in a 40 cm by 40 cm open field for 
eight strains tested at the same time of day in 
identical apparatus in three laboratories. (A) 
Horizontal distance (centimeters) traveled in 
15 min on the first test on Day 1. (B) Cocaine- 
induced activation, expressed as the difference 
between horizontal activity (centimeters in 15 
min) after cocaine (20 mg/kg) on Day 5 minus 
the score on Day 1 



cnces were only occasionally detected, and, 
much to our surprise, there were almost no 
effects of shipping animals before testing. 
Large genetic effects on all behaviors were 
confirmed, which is not surprising because 
we chose strains known to differ markedly on 
these tasks. 

Results for locomotor activity and the ef- 
fect of a subsequent cocaine injection on 
locomotion are shown in Fig. I. Expected 
strain differences in undrugged activity were 
found; A/ J mice were relatively inactive at all 
three sites, whereas C57BL/6J mice were 
very active. An effect of laboratory was also 
found: mice tested in Edmonton were, on 
average, more active than those tested in 
Albany or Portland. In addition, the pattern of 
genetic differences depended on site. For ex- 
ample, 129/SvEvTac mice tested in Albany 
were very inactive compared to their coun- 
terparts in other labs. Similar results were 
seen for sensitivity to cocaine stimulation. 
For example, B6D2F2 mice were very' re- 
sponsive (and A 'J mice quite insensitive) to 
cocaine in Portland, but not at other sites. 

In the elevated plus maze, a very similar 
pattern was seen: strong effects of genotype, 
site, and their interaction. This was true both 
for activity measures and for time spent in 
open amis, the putative index of anxiety (Fig. 
2). For total arm entries, the testing laborato- 
ry was particularly important for the 5-1 IT, H 
knockout mice versus their wild-type 129/Sv- 
ter background controls. Knockout mice had 
greater activity than wild types in Portland 
and tended to have less activity in Albany, 
while not differing in Edmonton. Edmonton 
mice of all strains spent more time in open 
arms (lower anxiety). Portland mice also 
spent less time in open arms, but this was 
especially true for strains A I BALBcByJ. 
and the B6D2F2 mice. 

Although the testing laboratory was an 
important variable, there was a good deal of 
consistency to the genetic results as well. For 
example, comparison of the genotype means 
(averaged over sites) for the initial ? min of 
the activity test on Day 1 with the total arm 
entrv scores from the plus maze yielded a 
high correlation between strains (/■ " 0.9!. 




53 

U O 
1* 



8 4*1 






y 


\ 


s 


j 

i 


ill 





< 



P < 0.002). This indicates that a strain's 
characteristic activity in novel apparatus is 
robust and occurs in different apparatus as 
well as different labs (7). 

For some behaviors, laboratory environ- 
ment was not critical. For example, ethanol 
drinking scores were closely comparable 
across all three labs, and genotypes alone 
accounted for 48% of the variance (Table I 
and Fig. 3). The genetic differences showed 
the well-known pattern of C57BL/6J mice 
strongly preferring and DBA/2J mice avoid- 
ing ethanol (8). Females drank more, as is 
also welt known (#), but there were no sig- 
nificant effects of site, shipping, or any other 
interactions. Unlike the other five tests, eth- 
anol preference testing extended over 6 days 
in the home cage and involved a bare mini- 
mum of handling mice by the experimenter. 

For some measures, the difference be- 
tween 5-HT (U null mutant and wild-type 
mice depended on the specific laboratory en- 
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Fig. 2. Group means (±SEM for n = 16 mice) 
for behavior videotaped for 5 min on elevated 
plus mazes having two open and two enclosed 
arms. (A) Total number of entries into any arm 
(defined as all four limbs in the arm). (B) Time 
(seconds) spent in the two open arms during 
the 300-s test. Smaller amounts of time indi- 
cate higher levels of anxiety. 



vironmcnt In Edmonton, for example, no 
difference was observed between +/+ and 
-A- mice in distance traveled in the activity 
monitor, whereas there was greater activity in 
the knockouts at the other two sites, especial- 
ly Portland {P = 0.002). In the elevated plus 
maze, knockouts were considerably more ac- 
tive than wild types only in Portland (Fig. 
2A;/> = 0.02). 

The numbers of mice we tested made formal 
statistical assessment of reliability infeasiblc, 
but it would be important to know whether each 
laboratory would obtain essentially the same 
strain -specific results if this experiment were 
repeated. Because our experiment included an 
internal replication, we estimated the lower 
bounds of reliability for each site separately by 
correlating the mean scores for each strain (col- 
lapsed over sex and shipping group) obtained 
during the two replicates of the experiment. 
These correlations differed depending upon the 
behavior, and were consonant with the relative 
importance of genotype in the overall analysis. 
For example, for locomotor activity, the corre- 
lations were 0.97, 0.74, and 0 87 for the three 
sites. For open-arm time on the plus maze, 
possibly the most intrinsically unstable task we 
employed, the correlations were lower (0.32, 
0.52, and 0.26). These can be compared to 
correlations for body weight, which can serve as 
a type of control variable not influenced by 
idiosyncratic dynamics of the test situation 
(0.83. 0.74, and 0 90). No site had generally 
higher or lower reliability than the others, and 
formal analyses of replication in analyses of 
variance indicated no strong interactions of 
strain by replication. We conclude that reason- 
able estimates of strain-specific scores are high- 
ly dependent on behavioral endpoint, and that 
some behaviors are highly stable. 

Several sources of these laboratory-spe- 
cific behavioral differences could be ruled 
out by the rigor of the experimental design. 
For example, Edmonton mice might have been 




Fig. 3. Mean (±SEM) ethanol consumed per 
day, expressed as grams per kilogram body 
weight, over 4 days of an ethanol preference 
test where each mouse had free access to two 
drinking bottles, one with local tap water and 
the other with 6% ethanol in tap water. 
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more sensitive to cocaine-induced locomo- 
tion because the source of cocaine differed 
from the other two sites (•/ ), but this could not 
explain the relatively marked response of the 
three 129-dcrivcd strains in Edmonton only. 
However, specific experimenters performing 
the testing were unique to each laboratory and 
could have influenced behavior of the mice. 
The experimenter in Edmonton, for example, 
was highly allergic to mice and performed all 
tests while wearing a respirator -a laboratory- 
specific (and uncontrolled) variable. 

Whether animals were bred in each labora- 
tory or shipped as adults 5 weeks before testing 
had no consistent influence on results in this 
experiment Shipped animals took routes of 
varying duration and difficulty. For example, 
some Taconic mice were trucked to Albany 
from nearby Germantown, New York, where- 
as others spent 2 days in transit during a flight 
in midwinter to Edmonton. At least in this 
experiment, allowing animals a lengthy peri- 
od of acclimation to new quarters was suffi- 
cient to overcome any strong effects of puta- 
tive shipping stress on subsequent behavior. 

These results support both optimistic and 
pessimistic interpretations. Seen optimistically, 
genotype was highly significant for all behav- 
iors studied, accounting for 30 to 80% of the 
total variability, and several historically docu- 
mented strain differences were also seen here. 
In general, we conclude that very large strain 
differences are robust and are unlikely to be 
influenced in a major way by site-specific in- 
teractions. However, a more cautious reading 
suggests that for behaviors with smaller genetic 
effects (such as those likely to characterize most 
effects of a gene knockout), there can be im- 
portant influences of environmental conditions 
specific to individual laboratories, and specific 
behavioral effects should not be uncritically 
attributed to genetic manipulations such as tar- 
geted gene deletions. 

When studying mutant mice, relatively 
small genetic effects should first be replicated 
locally before drawing conclusions (9). We fur- 
ther recommend that, if possible, genotypes 
should be tested in multiple labs and evaluated 
with multiple tests of a single behavioral do- 
main (such as several tests of anxiety-related 
behavior) before concluding that a specific gene 
influences a specific behavioral domain. We 
also suggest the possibility that laboratory-spe- 
cific effects on genetic differences will affect 
phenonpes other than behaviors to an extent 
similar to that we report. 

It is not clear whether standardization of 
behavioral assays would markedly improve fu- 
ture rcplicability of results across laborato- 
ries. Standardization will be difficult to 
achieve because most hehaviorists seem to 
have differing opinions about the "best'" way 
to assay a behavioral domain. For example, 
two of us typically test behavior during the 
light phase of the animals' cycle, whereas the 



third typically tests during the dark phase (but 
switched to the light phase for this study). 
Which apparatus specifications or test proto- 
col to employ is also a subject of differing 
opinion. There is a risk of prematurely limit- 
ing the "recommended" tests in a domain to 
those deemed "industry standard," because 
this may constrain the intrinsic richness of a 
domain and obscure interesting interactions. 
On the other hand, increased communication 
and collaboration between the molecular bi- 
ologists creating mutations and behavioral 
scientists interested in the psychological as- 
pects of behavioral testing will benefit both 
groups. 
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&$^7" Measuring anxiety-like beha viour in mice has been mostly undertaken using a few classical animal models of anxiety such as 
|i^c elevated plus-maze, the light/dark choice or the open-field tests. All these procedures arc based upon the exposure of subjects 
I tfp& unfamiliar aversive places. Anxiety can also be elicited by a range of threats such as predator exposure. Furthermore, the 
: |Sll : ^ cepts °^ istale ' ant * 'trait' anxiety have been proposed to differentiate anxiety that the subject experiences at a particular 
^glptement of time and that is increased by the presence of an anxiogenic stimulus, and anxiety that does not vary from moment 
;§:i:!}|B2^ moment and is considered to be an 'enduring feature of an individual'. Thus, when assessing the behaviour of mice, it is 
^?g|;-^cessao' to increase the range of behavioural paradigms used, including animal models of 'state' and 'trait' anxiety. In the last 
||^|:few years, many mice with targeted mutations have been generated. Among them some have been proposed as animal models of 
:^^ftjwthological anxiety, since they display high level of anxiety-related behaviours in classical tests. However, it is important to 
^l^-^Phasise that such mice are animal models of a single gene dysfunction, rather than models of anxiety, per sc. Inbred strains of 
S&:JHice, such as the BALB/c line, which exhibits spontaneously elevated anxiety appear to be a more suitable model of pathological 
anxiety. © 2001 Elsevier Science B.V. All rights reserved. 

$$?y\vords: Anxiety; Mouse; Openfield; Elevated plus maze; Predator-elicited defensive responses; Free exploration test; BALB/c mice 



■ : V Introduction 

The discovery of benzodiazepines (BZs) in the early 
I Sixties and their considerable commercial success in the 
^treatment of anxiety has fueled the development of 
numerous animal models of anxiety. Unfortunately, 
; because BZs were the only anxiolytic agents marketed 
■at that time, the predictive validity of these initial 
•Models Has been mainly based on their ability to detect 
the pharmacological action of BZs. This became evi- 
dent in the early eighties, when non-BZ anxiolytics, 
i.Such as the 5-HT, A receptor partial agonist buspirone, 
were found inactive in some anxiety tests, in particular 
jsonflict procedures. At that time, unconditioned confl- 
ict tests such as the elevated plus-maze were developed. 
Later, a second difficulty appeared, when it became 
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evident that anxiety is not a unitary phenomenon but 
could be divided in various forms including 'state' and 
'trait' anxiety, 'normal' and 'pathological* anxiety. 
These various forms have been shown to be differen- 
tially sensitive to pharmacological challenge. Therefore, 
when measuring anxiety in animals, it would be useful 
to have information on the type of anxiety processes 
which may be involved in a given test. These models are 
now extensively used not only to predict the clinical 
efficacy of pharmacological treatments, but also to 
phenotype the behaviour of transgenic or knockout 
mice. 

The aim of the present paper is to consider animal 
models of both 'normal' and 'pathological' anxiety. 
Therefore, we will first give a tentative definition of 
anxiety, and review the validity criteria of animal mod- 
els, before presenting animal models of 'normal' and 
'pathological* anxiety. Only animal models using mice 
as subjects will be considered. 



; 0l 66-4328/01 - see front matter C 200! Elsevier Science B.V. All rights reserved. 
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2. Tentarive definition of anxiety 

Fear and anxiety are here, respectively, defined as the 
response of a subject to real or potential threats that 
may impair its homeostasis. This response may include 
physiological (increase in heart rate, blood pressure 
etc.), as well as behavioural (inhibition of ongoing 
behaviours, scanning, avoidance of the source of dan- 
ger, etc.) parameters. When this response is excessive or 
maladaptive, it involves 'pathological' anxiety. On a 
clinical level, the DSM IV [25] describes various forms 
of anxiety disorders, including phobias, generalised 
anxiety, post-traumatic stress, panic and obsessive-com- 
pulsive disorders. 



3, Validity criteria of an animal model 

What is an animal model of a human behavior? 
According to McKinney, animal models are 'experi- 
mental preparations developed in one species for the 
purpose of studying phenomena occurring in another 
species' [57]. Kaplan [45] added that a model may be 
valid if it has the same structure as the human behavior 
or pathology, that is whenever a relation holds between 
two elements of the animal model, a corresponding 
relation may hold between the corresponding elements 
of the human behavior. 

Other authors [58,84,90] have proposed additional 
criteria. According to them, an animal model should fit 
predictive validity (pharmacological correlation), face 
validity (isomorphism) and construct validity (homol- 
ogy and similarity of underlying neurobiological mech- 
anisms) to be suitable for research. 

3.1. Predictive validity 

Predictive validity implies that the animal model 
should be sensitive to clinically effective pharmacologi- 
cal agents. Conversely, anxiogenic compounds should 
elicit opposite effects, while agents that have no effect 
in the clinic should have no effect in these tests. 

It is important to note that this involves that a given 
model may include both variables that are increased by 
anxiety as well as variables that are decreased by anxi- 
ety. For example, when an animal is confronted with a 
potent source of danger, it displays increased risk as- 
sessment behaviours and decreased exploratory activity. 
In many cases, only the second category of variables 
arc recorded so that an increase in anxiety can be 
confounded with a non specific inhibition of activity, 
such as sedation, ataxia, myorelaxation, pre-ictal pros- 
tration or even toxic effects induced by the treatment. 
Many anxiolytics produce such non specific effects: 
This is particularly striking with BZs which display- 
marked sedative effects at high doses. 



Even if the 'predictive validity' criterion seems satis* 
factory, its relevance can be questioned. Species differ- 
ences in pharmacokinetic or pharmacodynamic can be 
observed. For example, in man an important agc~re- 
lated increase of distribution of diazepam has been 
described, while this does not occur in the same propor- 
tions in rats [85], Furthermore, tachykinin NK, recep- 
tor antagonists have been proposed for the treatment of 
anxiety. However, species differences have been de- 
scribed in the NK, receptor pharmacology. For exam- 
ple, the NK, receptor antagonist, CP-96 345 has high 
affinity for the human receptor, but shows low affinity 
for the rat NK, receptor. Furthermore, in the human 
brain, NK t receptors are widely expressed throughout 
areas involved in the modulation of emotional pro- 
cesses, and there is evidence suggesting that SP is 
co-expressed with 5-HT, a neurotransmitter involved in 
anxiety-related processes, whereas co-expression seems 
to be absent in the rat brain (see [78]). Therefore, NK, 
receptor ligands may have different anxiety-modulating 
properties depending on the species. 

32. Face validity 

This criterion implies that the anxiety response ob- 
served in the animal model should be identical to the 
behavioural and physiological responses observed in 
human. This indicates that the expression of a given 
emotion is supposed to be similar across species. The 
physiological expression of anxiety (e.g. increase in 
heart rate, blood pressure, hyperthermia) is a good 
example. However, as for the behavioural responses, 
the patterns much vary across species. The behavioural 
repertoire of mice is of course very different from the 
human ethogram, which includes the verbal aspect that 
is absent in rodents. For example, when confronted 
with a threat, subjects may tend to escape: the conse- 
quence of this behaviour is to avoid the source of 
danger and consequently to preserve their homeostasis. 
The behavioural responses used to escape may vary 
across species: fishes may swim, birds may fly, and 
human may run. In fact, the possibility of an isomor- 
phism between human and animal behaviours has to be 
placed in the context of the theory of evolution, sug- 
gesting that a given pattern may be selected according 
to its survival value. It is rather important to note here 
that natural selection operates on the consequences of 
the behaviour, rather then on the behaviour per se [81], 
so that the consequences of the behavioural pattern, 
rather than the behavioural item per se, may be 
isomorphic. 

J J. Construct validity 

This criterion relates to the similarity between the 
theoretical rationale underlying the animal model and 
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the human behaviour. This requires that the etiology of 
the anxiety behaviour and the biological factors under- 
lying anxiety may be similar in animals and humans. 

This criteria seems easy to fulfill for the psychological 
factors underlying 'normal' anxiety, as in both species 
this behaviour is induced by a threatening stimulus. It 
is evident that the nature of the danger may vary across 
species but the important point is that it causes a threat 
for the subject's homeostasis. This is not only true for 
proximal factors of causation but also for distal factors 
that can contribute to increase subject's sensibility to- 
ward threats. For example, impoverishment of the 
breeding conditions, deficient maternal care during 
perinatal period or early maternal separation, may in- 
duce an increase in anxiety in the individuals when 
adult, both in animals and in humans fll5,17 s 86J). 
However, this criterion seems rather difficult to fulfill 
for pathological anxiety as in most cases (except for 
post-traumatic stress disorder, a disorder defined by its 
etiology), the psychological factors underlying the dis- 
order have not been described. 



4. 'Normal' anxiety and 'pathological' anxiety 

Two rather opposite conceptions have been proposed 
as to the relationship between the 'normal 1 and 'patho- 
logical' state of a subject. In fact, pathology can be 
described either as a quantitative variation of a normal 
state, or as a qualitative variation. According to the 
first conception, pathological 1 anxiety might be consid- 
ered as an excess of 'normal' anxiety. The second 
conception of the relationship between normality and 
pathology proposes that there is a qualitative, rather 
than a quantitative variation when passing from the 
one state to the other. This last conception corrobo- 
rates that proposed by Canguilhem [16]. In fact, this 
seems to be the case in anxiety disorders as 'pathologi- 
cal' anxiety rarely includes excess of 'normal' anxiety 
and as anxiety disorders are not released by the same 
treatment than 'normal' anxiety. 



5. Mouse models of anxiety 

Over the past three decades, a bewildering diversity 
of tests has been developed which claim face, construct 
and/or predictive validity as animal models of anxiety 
disorders (for review, see [73.89]). While most of these 
procedures use rats as subjects, a few of them have been 
validated with mice. Most of them involve exposure of 
subjects to external (e.g. cues earlier paired with foot* 
shock, bright light, predator) or internal (e.g. drug 
states) stimuli that are assumed to be capable of induc- 
ing anxiety in animals. Since none of these models 
involves pathological anxiety-related behaviors. Lister 



has described them as animal models of 'state' anxiety 
[54]. In such procedures, subjects experience anxiety at 
a particular moment in time and it is increased by the 
presence of anxiogenic stimulus. The last few years 
have seen the emergence of models of 'pathological' 
anxiety, which are often referred to as 'trait' anxiety 
tests. Unlike 'state' anxiety, 'trait' anxiety does not vary 
from moment to moment and is considered to*be an 
enduring feature of an individual. As will be shown 
below, these models either use rodents that were se- 
lected for emotional reactivity or employ receptor 
knockout mice which exhibit phenotypic changes in- 
dicative of increased anxiety. 

5.1. Mouse models of 'normal' or 'stale' anxiety 

There are several excellent review articles that have 
described and discussed extensively these models (see, 
for example, [54,73,79,84]), Table I gives an overview 
of the existing mouse models of 'state' anxiety. While 
the vast majority employ behavioral methods, the type 
of behavior studied varies considerably. They can be 
grouped into two main subclasses: the first involves 
animals' conditioned responses to stressful and often 
painful events (e.g. exposure to electric footshock); the 
second includes ethologically based paradigms and in- 
volves animals' spontaneous or natural reactions (e.g. 
flight, avoidance, freezing) to stress stimuli that do not 
explicitly involve pain or discomfort (e.g. exposure to a 

Tabic I 

Mouse models of 'normal' or state' anxiety 



Conditioned response 
tests 



Unconditioned response tests 



(1) Conflict tests 

(a) Operant punishment 
paradigm 

(b) Punished drinking 



(2) Others 

(a) Active/ passive 
avoidance 

(b) Conditioned 
ultrasonic vocalization 

(c) Defensive burying 



(1) Exploration tests 

(a) Elevated plus-maze 

(b) Holeboard 

(c) Light/dark choice task 

(d) Mirrored chamber 

(e) Open field 

(f) Staircase test 

(g) Zero-maze 

(2) Social tests 

(•a) Agonistic behavior 

(b) Separation-induced ultrasonic 
vocalizations 

(c) Social interaction 

(3) Others 

(a) Acoustic startle response 

(h) Hot plate 

(c) Mouse defense test battery 

(d) Shock- induced ultrasonic 
vocalizations 

(c) Stress-induced changes in 
physiological parameters 



Adapted and updated from [36.73]. 
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novel highly illuminated test chamber or to a predator). 
The majority of studies using mouse models of 'normal' 
anxiety employ unconditioned-based procedures. 
Among these, the elevated plus-maze has become one 
of the most popular behavioral test for research on 
anxiety [55,74]. As pointed out by Rodgers [73]. this 
popularity is mainly due to practical rather than theo- 
retical reasons, because the elevated plus-maze permits 
a quick screening of anxiety-modulating drugs or 
mouse genotypes without training or involvement of 
complex schedules. Briefly, in this situation, mice gener- 
ally taken straight from their home cages, will show a 
pattern of behavior characterized by open-arm avoid- 
ance. This tendency is suppressed by anxiolytics and 
potentiated by anxiogenic agents. Unfortunately, the 
plus-maze behavior patterns may be influenced by vari- 
ations in test parameters (e.g. species, housing condi- 
tions, time of testing, lighting level, method of scoring) 
that do not necessarily become clear, even with close 
scrutiny of published reports [41]. As a result, the vast 
literature on the elevated plus-maze yielded inconsistent 
findings. Serotonin (5-HT)-moduiating compounds are 
particularly prone to discrepancies in the plus-maze. 
For example, a number of research groups have found 
that selective 5-HT, A receptor agonists (e.g. 8-OH- 
DPAT, buspironc) display anxiolytic-like effects in this 
test [6,1 1,53,63 J5J, whereas others have reported a lack 
of activity [80] or even an anxiogenic-likc profile [59]. In 
this context, Rodgers and Johnson [76] have developed 
and refined an 'ethologicaF version of the mouse plus- 
maze that incorporates specific behavioral postures (e.g. 
risk assessment, head-dipping) together with conven- 
tional spatiotemporal measures of open-arm avoidance. 
Studies using this modified version of the plus-maze 
showed that risk assessment measures are generally 
more sensitive to drug effects than are avoidance mea- 
sures [73]. For example, comparison between BZ and 
5-HT, A anxiolytics revealed differences in anxiolytic- 
like profiles that may not be detected by conventional 
scoring. Indeed, while both classes of drugs share the 
ability to reduce risk assessment, only BZs decrease 
selectively (i.e. at non molor-irnpairing doses) open-arm 
avoidance. Hopefully, the inclusion of ethological- 
based parameters in plus-maze studies may yield more 
consistent findings than those using the standard ver- 
sion of this test. 

Besides the elevated plus-maze, there is a another 
murine model of 'state' anxiety that uses extensive 
ethological analysis to generate more comprehensive 
behavioral profiles following drug treatment, namely 
the mouse defense test battery (MDTB) [14,35]. The 
suggestion has been made many times that defensive 
behaviors of lower mammals constitute a significant 
model for understanding human emotional disorders 
[121. Defensive behaviors occur in response to a number 
of threatening stimuli, including predators, attacking 



conspecifics, and dangerous objects or situations. Such 
behaviors can readily be studied in wild rats, wild mice 
or in SWISS mice which show a complete defensive 
repertoire in response to danger. The MDTB consists 
of an oval runway based on that used in the Fear 
Defense Test Battery with rats [13]. However, specific 
situational and behavioral components of the Anxiety 
Defense Test Battery, involving reactivity to stimuli 
associated with potential threat rather than to the 
actual presence of an approaching predator, are incor- 
porated into the mouse battery. Briefly, the MDTB 
consists of five tests cither associated with potential 
threat (contextual defense) or the actual presence of an 
approaching threat (i.e. a rat). These latter focus on 
changes in flight, risk assessment and defensive threat/ 
attack behaviors, while the former involves escape at- 
tempt responses from the runway cage. Drug 
experiments demonstrated that anxiolytic compounds 
generally tend to decrease defensive behaviors. How- 
ever, it is noteworthy that some responses are specifi- 
cally or mainly affected by certain drug classes [14,37]. 
Thus, BZs decrease risk assessment activities of animals 
chased by the rat and defensive threat and attack 
responses, while 5-HT IA agents mainly affects contex- 
tual defense and defensive threat and attack behaviors. 
In addition, 5-HT reuptake inhibitors and CCK B an- 
tagonists have a clearer impact on flight responses than 
on other defensive reactions. Taken together, these 
observations suggest that risk assessment, flight, defen- 
sive threat/attack and escape attempts probably reflect 
different aspects of anxiety-related reactions. 

A major concern with traditional animal models of 
'state 1 anxiety based on single (mostly spatiotemporal) 
measures is that they are in most cases unable to 
discriminate between anxiolysis induced by different 
classes of anxiolytics (BZs, 5-HT, A agonists, 5-HT re- 
uptake inhibitors); although clinical findings strongly 
indicate differential therapeutic efficacy of these agents, 
according to the anxiety disorder treated. Based on 
these observations, it is clear that the major advantage 
of the ethological plus-maze and the MDTB is that they 
provide models capable of responding to and differenti- 
ating anxiolytic drugs of different classes through spe- 
cific profiles of effect on different measures. This 
represents a significant improvement over other animal 
models for evaluating drugs effective against emotional 
disorders. 

5.2. Mouse models of 'pathological' or 'trait' anxiety 

A review of the literature indicates that nearly thirty 
new strains of mice have been generated by using gene 
targeting technology which display a phenotypc consis- 
tent with increased anxiety (Table 2). While a few of 
these phenotypes appear to reflect the known function 
of the target (e.g. 5-HT 1A receptor, corticotropin-relcas- 
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Mo^ models of 'pathological' anxiety based on the use of gene targe^ngjcchnology ^ 

Tg or ICO Genetic background 



Table 2 
Mous 

Gene 

^ Neural nicotinic acetylcholine receptor 
adenosine A 2 „ receptor 
Angiotensin II receptor 

Cholecystokinin B receptor 
Catechol-^ -mcthyliransferasc 
Corticotropin-rcleasing factor 

Coriicotropin-releasing factor binding protein 

Corticotropin-rcleasing factor-, receptor 

Dopamine^ receptor 
Endothelial nitric oxide synthase 
Estrogen receptor alpha 
Fyn protooncogene 
GABAa receptor y. 

Glutamic acid decarboxylase 

5-hydroxytryptamine,,, receptor 



Interferon r 
Interlcukin 6 
MAS oncogene 
Midkinc 

Neural cell adhesion molecule 
Neuropeptide Y 



Orphanin FQ 
Preproenkcphalin 

Puromycin-sensitivc amino peptidase 
Single-minded 2 
Tumor necrosis factor-a 



Models 



Reference 



KO 
KO 
KO 
KO 
KO 
KO 

fg 

Tg 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

KO 

Tg 

KO 

KO 

KO 

KO 

KO 

Tg 

Tg 



Mix (BALB'C. C57BL/6) 
COl 

Mix (129. 07BL/6) 

0 

Mix (129. C57BI./6) 
Mix (129. C57BU6) 
Mix (B6, SJL) 
Mix (B6. SJL) 
C57BL/6 
C57BL/6 

Mix (U9, C57BL/6) 
Mix (129. C57BL/6) 
Mix (129. C57BL/6) 
Mix (129. C57BL/6) 
C57BU6 

Mix (129. C57BL/6) 
Mix (129. C57BL/6) 
Mix (129. C57BL/6) 
Mix (129. C57BL/6) 
C57BL/6 

Mix (129, C57BL/6) 
129 

Mix (C57BL/6, Swiss) 
129 

Mix (129, C57BL/6) 
Mix (129. C57BL/6) 
Mix (129, C57BL/6) 
129 

Mix (129, C57BL/6) 
Mix (C57BL/6, DBA/2) 
Mix (129, C57BL/6) 

Mix (129. C57BL/6) 
Mix (129. CD1) 
BALB/c 

n 

Mix (C57BL/6, CBA) 



EPM 

F.PM. LD 
EPM. LD 
LD 
FPM 
LD 

EPM, LD 
LD 

EPM, OP 
EPM ; DF 
EPM. LD. OP 
OF 

EPM.OF 
OF 

EPM, OF 
LD 

EPM, LD. OF 

F.PM, LD. FE 

EPM 

EPM 

LD 

EPM 

EPM 

OF 

EPM 

EPM 

EPM 

EPM 

EPM 

LD 

EPM 

EPM 

AS, EPM 

EPM, OF, LD 

EPM 

EPM 

EPM 

LD 



(77] 
[52] 
[43] 
165] 
[87] 

[30] 
[82] 
[38] 

PI] 
[461 
[48] 
[22) 

PI 

[26] 

[28] 

[64] 

[61] 

(24) 

[42] 

[47] 

[83] 

[39] 

[70] 

[68] 

[69] 

151] 

[2] 

[88] 

162] 

[83] 

[44] 

[67] 

[4] 

[50] 

[49] 

[66] 

[20] 

[27] 



" K ~ 77c , coUSlic sUrU V DF defensive withdrawal; EPM, elevated plus-maze; FE, free-exploration; LD, light/dark:. OF. 

***** * ~ - > ^ ^ 



ing factor (CRF), neuropeptide Y) in emotional pro- 
cesses, many others include genes that have not been 
shown to be involved in anxiety behaviors earlier (e.g. 
fyn protooncogene, MAS oncogene, tumor necrosis 
factor-a). 

In 1998, Ramboz and colleagues claimed that mice 
lacking the 5-HT IA receptor by homologous recombi- 
nation may represent a valid animal model of anxiety- 
related disorder since they showed increased 
emotionality in the elevated plus-maze test [70]. This 
finding was confirmed by several other studies which 
demonstrated that knockout mice lacking the 5-HT tA 
receptors display increases in feav-related behaviors in 
the elevated plus-maze and several other, procedures 
(open-held, stress-induced hyperthermia) 139,68,69]. 
CRF has also been largely the focus of gene targeting in 



order to generate animals that show increased anxiety, 
and thus may provide a 'pathological* model of anxiety. 
For example, it was demonstrated that CRF transgenic 
mouse lines overexposing CRF exhibited a behavioral 
state resembling that produced by anxiety in the ele- 
vated plus-maze and the.Ught/dark tests [82], Moreover, 
three recent studies reported that male, but not female, 
CRF 2 receptor-deficient mice exhibit enhanced anxious 
behavior in several tests of anxiety, including the ele- 
vated plus-maze, the light/dark and the open-field tests 
[3,22,48]. Finally, CRF-binding protein-deficient mice 
were shown to exhibit a significant increase in a fear-re- 
latcd behavior in the elevated plus-maze, open-field and 
defensive withdrawal tests [46.71]. The well acknowl- 
edged involvement of GABA in the regulation of emo- 
tional processes and the anxiety-modulating action of 
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BZ receptor ligands, has led to the development of mice 
displaying a deficit in the y 2 subunit of the GABA A 
receptor, which has been shown to be essential in 
mediating the modulatory actions of BZs. Behavioral 
observations showed that these mice exhibit anxiogenic- 
like responses in several models based on the explo- 
ration of aversive areas 123,42]. Studies using 
pharmacological tools have shown that the neuroactive 
peptide NPY may play a critical role in anxiety. Indeed, 
the central infusion of the neuroactive peptide NPY 
and NPY fragments selective for the Y, receptor was 
demonstrated to elicit anxiolytic-likc effects in a variety 
of tests, whereas the local application of Y, receptor 
antagonists produce the opposite action [32]. On the 
basis of these findings, several research groups created 
mutant mice lacking the gene for NPY [4,67], Data 
from behavioral tests revealed that these mice have an 
anxiogenic-like phenotype. 

These genetic animal models of anxiety have at first 
glance clear advantages over 'state' anxiety models in 
which baseline levels of anxiety of a formal' subject 
are increased artificially by exposure to aversive stimuli. 
They may provide a unique opportunity to study hu- 
man anxiety and emotional disorders. Unfortunately, 
all these genetic models are based on the deletion of a 
single gene, and it is now clear that the modulation 
anxiety processes involves multiple genes. There is no 
doubt for example that the 5-HT 1A receptor plays a role 
in anxiety, but it is excessive to describe mice lacking 
this receptor as 'an animal model of anxiety-related 
disorder' [70] since it is by far not the only target 
involved in the regulation of emotional processes. An- 
other problem with these mouse models of 'pathologi- 
cal' anxiety is that the measure of anxiety has been 
performed in a few tests of anxiety only. Among the 38 
references listed in Table 2, 27 (i.e. 71%) used the 
elevated plus-maze, and 35 (i.e. 92%) employed explo- 
ration tests only. In view of the above concern regard- 
ing the elevated plus-maze, experiments with mutant 
mice in this test require extreme caution when interpret- 
ing the data. It is possible that in a few instances, 
responses exhibited by these mice may relate to behav- 
ioral processes unrelated to anxiety. Finally, most of 
the mutant mice studies have been undertaken using 
only one genetic background, usually a mixed C57B1/6 
and 129 F2 strain. It would be useful to undertake 
behavioral studies using more then one strain, for ex- 
ample including a strain exhibiting a high emotionality 
level and a strain displaying a low emotionality. Indeed, 
strain differences in emotionality have repeatedly been 
reported (see next paragraph). Furthermore, most mu- 
tant studies used embryonic stem cells from a 129 
substrain, and then cross chimaeric animals with 
C57B1/6 mice. Homozygous for the targeted mutation 
are then generated by producing an F2 intercross with 
a part of the genetic background of 129 and another 



part of C57B1/6. In some cases, mutant animals are 
then backcrossed to 129 or C57BI/6 for two to five 
generations, rarely more. Unfortunately, some con- 
founding effects may be related to the 129 substrain 
genes flanking the target locus which are present in the 
mutant animal and not in the corresponding wildtypc 
mice (see Gerlai [29] for further details). 

The use of strains of mice displaying spontaneously 
elevated emotionality or mice selected for their high 
levels of anxiety may circumvent some of the problems 
encountered with the above-mentioned mutant mouse 
models. Such animals would exhibit increased anxiety 
not because of the deletion of a single gene, but because 
it is an enduring feature of a strain or an individual 
probably involving' multiple genetic and environmental 
factors. While several animal models of k trait' anxiety 
have been described in rats (e.g. Wistar- Kyoto [31], 
Roman line [18], Sardinian alcohol-preferring [21]), 
there is only one mouse strain that has shown consis- 
tently higher levels of anxiety when compared with 
other strains, namely the BALB/c line. For example, 
Makino et al. [56] demonstrated that BALB/c mice 
showed strong and long-lasting stretching immediately 
after their introduction into the open-field, while 
C57BL/6 and DBA/2 mice never displayed such behav- 
ior. Instead, they immediately started to move around. 
These authors interpreted their findings in terms of 
'emotional arousal 1 , with the BALB/c strain being more 
'anxious* than the two other lines. Moreover, using 
several tasks based on exploratory behavior (e.g. the 
light/dark choice test) we confirmed that BALB/c gen- 
erally show a more pronounced reluctance to locomote 
in a novel area than do other inbred (C57BL/6, C3H, 
CBA, DBA/2, NZB, SJL) and/or outbred (NMRI, 
Swiss) strains of mice [10,34]. Interestingly, unlike the 
other strains, BALB/c mice exhibit strong neophobic 
reactions when confronted simultaneously with a famil- 
iar and a novel compartment in the free-exploration 
test [33]. Based on the finding that no neurovegetative 
changes were apparent in mice that had free access to 
novelty when compared with the modifications induced 
by situations in which these animals were forced, the 
free-exploration test can be considered to be devoid ol 
clear anxiogenic stimuli [60]. Consequently, the obser- 
vation that BALB/c mice display strong neophobic 
reactions in this procedure indicates that neophobia 
represents a constant feature of their behavior. The 
reasons for the differences in the level of fearfulness 
between BALB/c mice and the other strains remain 
largely unknown, but certainly include many factors 
such as life history, test situation or housing conditions. 
More importantly, these differences may be due to 
neuroanatomy neurochemical or genetic factors. For 
example, it was reported that BALB/c and C57BL/6 
mice differ in the density and/or the affinity of BZ 
receptors [19,72]. These authors showed that the affinity 
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j&r BZ receptors is higher in BALB/c than in C57BL/6 
^njee whereas the latter strain displays a greater density 
% BZ receptor sites than the former. However, this 
Crticularity is not limited to the BZ receptors. Indeed, 
Metric footshock induces a higher increase in dopamin- 
ergic turnover in the prefrontal cortex of BALB/c than 
in C57B1/6 mice (40]. Finally, this strain also exhibits 
sonic particular features in the sensitivity to anxiolytic 
agents. Indeed, it has a high sensitivity to the anxiolytic 
action of BZs [34] and low doses of the BZ receptor 
Antagonist flumazenil induce an anxiolytic-like action in 
this strain [9]. Furthermore, naloxone, an opioid antag- 
onist, blocks the anxiolytic-like action of BZs in SWISS 
and C57B1/6 mice, but not in BALB/c mice, an effect 
probably related to abnormality in K-opioidcrgic recep- 
tors [1,5,8], These strain differences in the action of 
pharmacological agents also appear for measures not 
related to anxiety. For example, when compared with 
C57BI/6 mice, the BALB/c strain is very sensitive to the 
convulsant action of the BZ inverse agonist p-CCM 
: [24]. In the conditioned place preference test, a model 
relevant for the study of the subjective properties of 
drugs, amphetamine, a psychostimulant, produced a 
. positive reinforcing effects in C57B1/6 mice, while the 
opposite was observed in BALB/c mice [7]. Taken as a 
; whole, these findings with BALB/c mice strongly sug- 
: gcst that this strain may be considered as a realistic 
■ model of 'trait' anxiety, which is not only related to one 
particular target (as observed in targeted mutations), 
but to abnormalities in various neurotransmitter sys- 
tems (GABAergic, dopaminergic, opioidergic, etc.). 

In conclusion, while animal models of 'state' anxiety 
remain the mainstay of tests used in studies dealing 
. with emotional processes, models of 'pathological' anx- 
iety, which are in great part based on the use of gene 
targeting technology, are used increasingly. However, 
their usefulness as models of anxiety is limited since 
they are based on the deletion of a single gene, which 
alone can hardly account for a complex condition such 
as anxiety. Possibly, the use of inbred 'anxious' mouse 
strains, which show constant high levels of fearfulness, 
may provide models of anxiety that have greater face, 
construct and/or predictive validity than. /state' or sin- 
gle-gene deletion models of anxiety. 
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